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Non-wetting surfaces

Viv Vapor

Vsv
Solid
Contact angles with water:
3.30° 24.00° 115.60°
Superhydrophilic Hydrophilic Hydrophobic Superhydrophobic
0~0° 0°< B <90° 6 > 90° 6" > 150°

Similarly, superoleophobic surfaces display contact angle 6" > 150° with oils
or alkanes
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Fluorinated POSS Synthesis
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Angew Chem, 2008
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Hydrophobic Materials

» Spin-cast surface of FD POSS
e ~4 ym rms roughness by AFM
» 154° Static water contact angle

* Crystalline solids
» Soluble in fluorinated solvents

POSS Surface

Angew Chem, 2008
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Zisman Analysis

R o) R
VC = 55 mN/m O’\Si/ \Si/
R\Sf/,,o\ ,-OI\
o S|\ o)
/ \ \ y
0] R\S' (0] o
el _]—9l
\/O \O/ / \R

/ .0
/SI-—..__O/SI\

R R

Fluorodecy!:

GG analysis results in
surface energy calculation
of: y. =8 mN/m

PTFE ~18 mN/m
Contacting liquids: PDMS ~24 mN/m

hexadecane (y,, = 27.5 mN/m), dodecane (25.3),
decane (23.8), octane (21.6), heptane (20.1) and pentane (15.5)

ACS AMI, 2010
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Designing Omniphobic Surfaces

e Constructing super-repellent surfaces
—Three key ingredients

Surface
Chemistry (6,)
Roughness Surface
() Geometry (y)

PMMA + 44 wt% POSS
electrospun coating (beads on a string) morphology

Science, 2007
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Omniphobic Fabrics Repel “Everything”
(even “Wetting” Fluids)

Nylon shell fabric bonded to a
Gore—Tex membrane

Dodecane
Ethylene
glycol Rapeseed
oil
Water

Anticon 100 polyester fabric

% = 22.7 mNim 7, = 27.5 mN/m %, =50.8 mN/m %, =72 mN/m

JACS, 2013

Methanol Hexadecane Methylene Water
lodide

Adv Mater, Langmuir, 2008
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Separation of Oil-Water and Emulsions

e Developed simple membranes and apparatus for gravity-driven,
continuous separation of oil-water emulsions.

Superhydrophobic/
Superoleophilic Gravity Driven - Continuous Flow Emulsion Separation
Composition: >99.9%
60% Oil Water
40% Water
Science, 2007 Nature Comms, 2012
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Not all F-POSS are the same!
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Most common compounds found in a cage mixture
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FluoropropylgTg

F,CH,CH,C
\S|/0Na
,O///O _ONa
FaCH,CH,C—Sig s CH,CH,CF;
F,CH,CH,Si(OMe) NaOR /1,0 /L e
i e -
3CH,CHSI( 8 solvent 0 _ O /./CHZCHZCF3
F3CH2CH2CTSI\O—///SI
/SII\ /SI’
F3CH2CH2C O \CH CH CF
2 2 3
Trisodium salt from trimethoxy silane
Fukuda, Macromolecules, 2005
F3CH,CH,C F,CH,CH,C
\S /ONa 3 2 2 \ /O\ CH2CH2CF3
i _Si Si
FoCH,CH,C O//O\ O / CH,CH.CF O//o\ o\
—Sig F3CH,CH,C—
AL S ] O\ Si——— /ON PALILAS e F,CH,CH,SICl, 3L LH Sl \ \ —CH,CH,CF;
0 o) CH,CH,CF, o o / __cHeH,CF
FsCH,CH,C— & Si—, //s|/ FiCH,CH.C— 5 Si—q //s|/ St
LSi— /SI _Si si-O
F.CH,CH,C™~ O F.CH.CH.C S ~0—SI
e "CH,CH,CF; Sk "CH,CH,CF,

Tg from trisodium salt

Chem Comm, 2007
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HSP Data for TFP Compounds

Octa-trifluoropropyl-POSS Dodeca-trifadesgrbijiP@$gopyl-POSS

Ind Eng Chem Res, 2012
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Corner-Capped F-POSS

R

R
S|/ONa /\Si/O\Si,Rf
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CH,CH,(CF,)sCF;  CH,CH,CH,OCF(CF3),
140
116 112 112 122 Ewg}g{jecane CHZCHZ(CF2)7CF3
120 109 108, 106 CH,CH,(CF,)oCF3
% 100 A
D g 77 76 80 74 73
< 69 ] ) —
g 60 >
g 45
§ 40
20 -
0 ‘ ‘ ‘
s S $ ) &S e 3 )
& & F oobeo & LG
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 Diverse architectures — linear, branched, ether
» Corner cap yields moderate to good (73-83 %)
» Soluble in common organic solvents

Chem Comm, 2007
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Solid Surface Energy Estimation

Structure of candidate molecules

R
\ R
N ./O\ _/R R(H3C)28i0\ _—O—__ _/OSi(CH3)2R R\\S./O\ /
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. » . / \
Linear disiloxane resin (M,) o\ /o

R(H;CSI0— I~ |~ Si\OSi(CHs)zR

0
Fluorodecyl: R, = -CH,CH,(CF,),CF, R(HaC):Si0 \OSi(CH3)2R
Fluorooctyl: R; = -CH,CH,(CF,):CF, QMg
Fluorohexyl: R; = -CH,CH,(CF,),CF,

Fluoropropyl: R; = -CH,CH,CF, ACS AMI, 2010
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4 FluoroDecyl Synthesis
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ACS AMI, 2010
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Solid Surface Energy (y.,)
via Girifalco-Good Method

Molecules with a T4 cage Molecules with a fluorodecyl chain
50 . . 50 R =-(CH,),(CF,),CF;
40 - 1 40 - .
30 + 4= i |
= 30
1~
Z
20+ 1E 20
3
| ]_l_. | )
° 0 T QM M
Hexafluoro-
Fluorodecyl | Fluorohexyl | . 8 478 i
I-bUtyl R O A RHC),SI0 OSi(CH)R
Fluorooctyl Fluoropropyl R\/Sipo/ffo\Si\’i\:) R{ch:ys.o?s./o\s,\o/ i(CHa)
R O R q Ry O,s( —Si Si/
o,\Si/ \Si/ \s{i jg{—of “R R‘H::i;io o7\ TOSiCH;)R
R\Si’/’lo\Si’d\ " 0 a e M; OSi(CHy),R
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oS00 ACS AMI, 2010
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HSP Data for Fluoroalkyl

Compounds
Octa-hexafluoroisobutyl- Octa-trifluoropropyl-
POSS POSS
O O
) )
’ Op ’ Op
Octa-fluorohexyl- Fluorodecyl-M2
POSS
O Oy
)
Op Op " Op
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Incompletely Condensed Silsesquioxane

oL 0
N/
R R O R R oFf SN S\o R RO PH HO_ R
5i—O~g;” s’ 57 osi’ 57 T 57
~ o) o) J
R\sio/llo\srol\ R\sio*/o\sro\ R‘Sf/'/ O~g0 Resi O\Si:O\o
/ ? \'R ? CF3SOsH / O\ \'R P N(But)sHSO,4 O\ \ R H,0 / \ \ R /
0O R\ 0 / ~ O R. o] / Q R.Y, g R, O o
\/O’SI\O’///SI\ \/O/SI\O— //Sl\ \IO, I\O // I\R /O, \O_/ \R
. 0O / O _ ! .
R/SI\O/SI\ R/SI\O/SI\ R/SI\O/SI\ R/SI\O/SI
R R

Rf = CH2CH2(CF2)7CF3

* Incompletely condensed silsesquioxane synthesis yields a disilanol capable
of functionalization with dichlorosilanes.

JACS, 2011
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Synthesis of Disilanol FluoroPOSS

R\S/
|
7\
R\ /OH HO\ /R R\ ./O O\ /R

isi o 2 or i

Disilanol FluoroPOSS has a Regier O\Si’ + CLSIRR NEt, R i/'o\sro
. ~ ~
molecular weight of 4009 g/mol. / O\ \"R 2SIRR" ———— 6! R O
o

R-Y © 4

~ol — Ol

\ 050 7F~r

R/SI\O/SI: R/SI\O/SI
R

* Can be reacted with functional dichlorosilane to add any desired functionality
* Platform for molecules with superhydrophobic or oleophobic properties
* A variety of fluoroPOSS compounds have been synthesized

(CH2)22CH
222t

/SI\ \S'/ o o
i
R\Si’o % R R ,o/ Yo R AN /_/7 AN /_/7
s Si i N\ Si S
olo ; o Si Y I i
Re - o) N\ 7N\
Slg \Sl\gg R\Si/llo\slzd R\S./o o\ R R\S'/O O\ R
0 g O i i i
SRy 74 g T
RSie . _[—si Q0 R o Ragit g0 Rgir OO\
\ P o | B i PR TR F{ e
Si Si— / :
R 0T Y Si——S(° Q Rt s Rt s
: A, S P e
R/Sl\o/Sl\’ R/Sl\O/SI\’
R R
JACS, 2011
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Organic-Substituted FluoroPOSS

—
s}
e
/
Ne)
T
I
O
2
—-59.0
— 65.5
—-68.1

Dioctyl silyl FluoroPOSS

.............

O (@) 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -£5 -60 -65 -70
>Si/ \Si/R (b) fl (ppm)
/ / HLC(CH- ) (CHA)-CH. @ T NG
Reg! Io\\\s/o\ SCICHa _/AOHCHy 2 588
/ I {\R o) R, Cl/’ \o ' lois
R
(@] \ O / \/Sil \SI, l
Rsi Si 970 :
o~>"~—~o- // ~ RI\.ST-—_." "“'\.SI,O‘\
/ 0 ~g O
_Sim_ —Si© / \ ]
R O \ Q Ry o] d
R \ o750,
/Si-.__o__..a-SL:’
Ry =
0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70
f1 (ppm)

* Soluble in diethyl ether
e Can be directly blended in polymers
 Potential non-ionic surfactants

JACS, 2011
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F-POSS Copolymers

S
AIBN, CTA _ SJ\@
o + X y
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d O\ 65°C, CGFG O 5 O
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\Si \ i
/7 '\ Sj
Rf\ .IO O\ /Rf R / I\
oo A N AR
Ri~gi1” \sro\ oTo 2 S<_S._cCN
@) RO Ri~aio .,O\
/ \ f/ SIO SI\RfO CTA —
Ri~g O / \ /
/ IRy f>Sie ~_[—Si
Si—_—Si-0O O O™ T ™Rs
R O Si si-0
R Rf/ —~0— \R
f

Polym Chem, 2013
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SF.-Terminated F-POSS

& -
6.1 A
29.0 Az S;ﬁ Az
= . s
'y w
CF;
Fﬁ/
\
156 A }c:, 16.7 A
e SiCly s

Gard, Chem Mater, 2000

FsS(F,C)sHaCH,C o CH,CH,(CF,)sSFs
C>Si — g

/
FsS(F2C)eHCH,C \SE //’O\Si.g—-%HzCHz(CFz)GSFs

/N O\ /

0 Si Os;i
FsS(F2CleHoCH, O Y™ o7
5S(F2C)sH2 26\/ 0 //C\)\CHQCHZ(CF2)\SSF5
S|\O/Sl
F5sS(F2C)gH2CHAC CHyCH3(CF2)sSFs

Chemical Formula: C¢,H3,F,3,0,,S4Sig
Exact Mass: 4055.56
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F-@F-POSS

Bu
IL+ - B
R u
| Bu/ \
Bu
Si—OMe >
/
MeO oM
e H,0
Bassindale, Angew Chem, 2003
Me
b,
e .
R Me/ \M R EI
e
R\S _o~_ / RO 0~/
oS R oS A
R\sf//o\sro\ R\Si///O\Si/O
T e T
0 o) - 0 o
\ oS0~ " o 5~ WWMWAM
/ /
/SI\O/SI/O /SI\O/SI/ T T T T T
R \R R \R 69 -70 -71  -72  ppm 0 50 100 ppm
G B BB . . ,
R= O e N, Now soluble in common organic solvents!
2 2 2

Chem Mater, 2008
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Summary

Solubility and wetting characteristics vary widely
Not all types of fluorinated functionality give the same results

Even minor changes in structure may produce drastically
different results

Solubility behavior is difficult to predict based on structure

Prediction of water and hydrocarbon wetting behavior is also
extremely difficult
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QUESTIONS?




Comparison of Surface Energy
Parameters for POSS Compounds

Predicted values based on Hansen Solubiliy Parameters (for “liquid” surfaces)

Yiv (dyn / Cm) ydlv (dyn / Cm)
Fluorodecyl T8 (est. HSP) 34.6 24.8
Fluorohexyl T8 (est. HSP) 37.7 26.2
Fluoropropyl T8 43.7 28.6
Hexafluoroi-i-butyl T8 43.5 21.4
Fluorodecyl M2 30.3 20.5

 For perfluoroheptane, the predicted value of y,, of 21 dyn/cm is close to expectations
« Agreement for the dispersive component is better, but y9,, <y, without rearrangement
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